seriously damaged if it is not mined separately without being contaminated, eroded and protected (Ghose, 2001 ).
Topsoil is that uppermost layer of soil capable of growing and supporting vegetation. Soils are the single most important factor responsible for tree growth. Soils provide trees and shrubs with water, nutrients, and root anchorage. The volume of soil available can limit plantings or reduce growth and vigour of trees and shrubs. Ideal conditions require 15 to 24 inches (38.0 to 60.96 cm) of topsoil that is well drained contains nutrients required for tree growth. As topsoil depth decreases, the potential for survival and growth of woody vegetation decreases (Iles, 2001 ).
In some mining sites, topsoil salvaged for closure reclamation is usually not done. This has led to deficit of topsoil required to reclaim the total area disturbed. In some companies, the topsoil salvage is sometimes used as materials to raise seedlings at the nursery. This activity reduces the amount of topsoil available for growth of plants. The fear is that this practice could jeopardize reclamation efforts and landscape restoration. The amount of topsoil laid for reclamation could ultimately affect tree growth and plant diversity. Restoration practices where topsoil has been retained focus more on the spatial and temporal factors affecting species colonization and establishment; the criteria for monitoring and assessing success, particularly in the longer term; and the restoration of natural indigenous ecosystems and biodiversity values. In the restoration of sites where topsoil has been lost, the major ecological challenges are still related to the interactions between plant species and substrate -that is, re-vegetation (IUCN and ICMM, 2004) . Constant monitoring of the restored ecosystems, particularly soil and plant communities, is a very important part of the reclamation process (Ludwig et al., 2003) .
The unanswered questions are? What topsoil level would be ideal for growth and promotion of plant diversity? Would the age and type of tree species affect growth on reclaimed site? Knowledge of these would enable mining companies to determine the amount of soil that could be used for other activities such as nursery without hampering reclamation goals. The competing use for topsoil makes the study of topsoil for reclamation efforts essential. The goal of reclamation is to return land disturbed by mining activities to a stable ecological state and productivity similar to the pre-disturbed state. This study is therefore geared at assessing the minimum amount of topsoil necessary for reclamation and how this would ultimately affect plant diversity and growth of tree species.
MATERIALS AND METHODS

Description of Study Area
The study was carried out at Newmont Ghana Gold Limited Ahafo mines at Kenyasi. Kenyasi (Figure 1 ). The highest mean monthly temperature is about 30 o C which occurs between March and April with the lowest being 26 o C being in August. The average relative humidity is about 75%. The mean annual rainfall is between 130cm to 150cm.
Experimental design and analysis
The Factorial design in Completely Randomized Design was used to lay the plots. Two factors considered for the experiment were topsoil depth and age of tree species. The plot (waste rock dump) which has an area of about 5.6 ha was divided into four equal panels/plots. Each panel (plot) was 1.4 ha. In each panel different topsoil and subsoil (Saprolite) were placed at a different depth. In the case of soil depth, the treatments were at 4 levels: Treatment One (T 1 ) = 0/100 cm of topsoil and subsoil respectively Treatment Two (T 2 ) = 20/80cm of topsoil and subsoil respectively Treatment Three (T 3 ) = 30/70cm of topsoil and subsoil respectively. Control (T 0 ) = 40/60cm of topsoil and subsoil respectively.
The control treatment of 40/60cm of topsoil and subsoil respectively is the standard depth recommended by the Environmental Protection Agency (EPA) Ghana, for reclamation.
The age of tree species was also considered at three treatment levels namely: 6 months, 1 year and 4 years. All the experiment units included installation of erosion and sediment control structures such as silt fence, jute mat, and terraces since it was an erosion prone area. Tree species were planted on the plot at planting distance of 3 m by 3 m (1111 trees per hectare). Tending operations involved mainly ring weeding of native trees and mechanical removal of weeds. The test tree species planted were: Ceiba pentandra, Terminalia superba, Cola gigantean, Mansonia altissima and Khaya anthotheca.
The Shannon diversity index was used to compare the plant diversity among the treatment plots and calculated with the formula:
Where p i is the proportion of characters, belonging to the i th type of letter in the string of interest. In ecology, p i is often the proportion of individuals belonging to the i th species in the dataset of interest.
Jost (2006) highlighted the non-linearity of Shannon diversity index and the Simpson diversity may lead researchers to grossly misinterpret the underlying diversity of the community in question. Consequently, Jost (2006) proposed that diversity values be converted into equivalent or effective numbers of species (ENS) also known as Hill numbers, which is the number of equally abundant species necessary to produce the observed value of diversity. The effective number of species (ENS) was therefore calculated as:
ENS = exp (Hʹ) where Hʹ is Shannon diversity index.
This paper also considers the effective number of species to present the results on plant diversity.
RESULTS
Plant Diversity in Relation to Topsoil Depth
Topsoil depth was the main subject of the investigation to find its effect on plant diversity. Consistently, the effective number of species (ENS) was lowest in the treatment that did not have topsoil (T 1 ) for all years ( Table 1) . The trend showed a fewer number of species in plots without topsoil. In the first 6 months of the study, there were no differences in effective number of species for all treatments with topsoil.
During the first year, the control (T 0 ) and the treatment with 30 cm topsoil and 70 cm subsoil (T 3 ) had the highest number of ENS (Table 1) , followed by T 2 with seven for ENS ( Table 1) . Plant diversity in soils with topsoil addition was four times more than T 1 (no topsoil).
In the fourth year, the highest ENS was realized in T 2 , followed by T 0 and T 3 ( Table 1) . In all cases, the values for ENS were higher in topsoil plots. As the years went by, there was a decline in ENS values relative to the first year. An indication of less plant diversity in the fourth year (Table 1) . Generally, it was observed that plant diversity increased with increasing topsoil depth and declined with increasing years (Table 1) . 
Table1: Plant Diversity in Relation to Topsoil Depth
ENS = Effective number of species
Stockpile Depth and Age on Height of Tree Species
Interaction of stockpile depth and age of tree species were significantly different (P ˂ 0.05) for all tree species (Table 2) . Within six months of planting tree species at the various topsoil depth, the height of Ceiba pentandra, Terminalia superba, and Khaya anthotheca did not differ significantly (P>0.05) ( Table 2) . Within one year, the depth of topsoil significantly differed among all the test tree species. In all cases, the treatment without topsoil (T 1 ) had the lowest tree height. The highest tree height was recorded at T 0 for Ceiba pentandra, Terminalia superba and Cola gigantean. In the case of Mansonia altissima and Khaya anthotheca T 3 attained the highest height, however, it did not differ significantly from T 0 ( In year 4, topsoil depth among the various tree species influenced the height of all species (Table 2) .
A similar trend was realized as in year one. Tree height was highest in the control plot of T 0 for Ceiba pentandra, Terminalia superba and Cola gigantean. On the other hand, tree height was highest at T 3 for Mansonia altissima and Khaya anthotheca but did not differ from T 0 ( Table 2) .
Stockpile Depth and Age on Diameter at Breast Height (Dbh) of Tree Species
In the fourth year of planting the tree species, Ceiba pentandra and Cola gigantean had the highest diameter at breat height (DBH) at T 3 , followed by T 0 which did not differ significantly (P > 0.05). Terminalia superba, Mansonia altissima, and Khaya anthotheca recorded similar results in which T 3 and T 0 recorded the highest DBH but did not differ significantly. Mean DBH of Ceiba pentandra and Cola gigantean were lowest at T 1 and T 2 but did not differ significantly during the first 6 months of tree growth (Table 3) . At 6 months, no difference (P> 0.05) was obtained at all topsoil depths for Terminalia superba and Cola gigantea except, Mansonia altissima and Khaya anthotheca (Table 3 ). 
Table3. Mean diameter between Species, Year and Depth
Age
DISCUSSION
Plant Diversity in Relation to Stockpile Depth
Plant diversity of the reclaimed site was not high having obtained diversity values ranging from 0 -1.9 with a few recording 2. The higher ENS for T 0 and T 3 is an indication of how an amount of topsoil depth could influence plant diversity. The topsoil is a store of plant genetic material and the larger it is, the more plant material available for reproduction under suitable environmental condition. An area is said to be diverse when the diversity value calculated is more than 2 and near 4. Diversity figures near zero give an indication of poor diversity meaning one species is dominant. This result also affects evenness. In effect, the species were also not evenly distributed. The value of a diversity index increases when both the number of species increases and when evenness increases. For a given number of species, the value of a diversity index is maximized when all types are equally abundant.
The Diversity and Evenness Indices tested for all the depths, T 1 recorded the least values. This is a clear indication that topsoil is required for the emergence of species.
The ENS was highest at topsoil depth T 3 at 6 months. In year 1, T 0 and T 3 recorded same values but in year 4, T 2 recorded the highest ENS value. This result implies that at the early stages of emergence, increased topsoil is required for increase plant diversity. Topsoil of a depth of 40/70 cm (T 0 ) cm 30/70 cm (T 3 ) and 20/80 cm (T 2 ) proved to be good for early emergence of species. As the years increased, ENS were high in year One but declined in year 4. The decline in diversity could be the result of canopy closure. As canopy closes in the fourth year it affects recruitment of species. This is in conformity with the findings of Bowen et al., (2002) who stated that natural recruitment of local native species appears to occur in the open inter-space of the plant community. Also, Bowen et al. (2002) found that topsoil depth was the only treatment that significantly influenced canopy cover, species diversity, species richness and above ground biomass. Species diversity significantly reduced as topsoil depth increased from 0-600 mm. In the early stages of the vegetation synanthropisation process, there is a marked increase in floristic diversity, but over time impoverishment of communities occurs and their subsequent take-over by a small group of species (Pietrzykowski, 2014) . (2008) found that increasing soil volume enhances biodiversity effects on plant production. According to Rivera et al (2014) , topsoil application enhanced species richness of restored embankment in relation to control. However, the depth of the spread topsoil did not significantly affect resulting plant cover, species richness or floristic composition (Rivera et al., 2014) . After 3 years, richness (S) significantly increased with soil depth (P < 0.0001), but there was no significant change in species diversity (P > 0.1) or composition (multi-response permutation procedure, P > 0.2). The lack of a depth effect on diversity resulted from the opposing effect of increasing soil depth-enhancing richness, but decreased evenness (Dornbush and Wilsey, 2010) . Plants in the areas under reclamation treatment act as bio-indicators because their presence or absence and response (of individuals in the population) indicate the intensity of the ecological factor. The occurrence of plants in a given area is determined by factors such as the availability of water, temperature, solar energy, availability of nutrients and interactions. Every plant species has specific requirements for the environment. For this reason, vegetation has long been used as an indicator of habitat conditions (Pietrzykowski, 2014) . The poor diversity in no topsoil treatment could be due to the lack of nutrients for plant growth.
Dimitrakopoulos & Schmid (2004) and von Felten & Schmid
Soil Depth and Age on Growth of Tree Species
Topsoil enhances water infiltration, plant rooting media, nutrient cycling, and as a potential source of plant propagules to increase plant community diversity. Varying topsoil and subsoil depth may influence reclamation success to a great extent. This beneficial effect is due to several factors including the higher volume explored by the roots (Zhang et al., 2004) and the higher soil volume with no mechanical restrictions (Whitmore et al., 2011) could account for the increase plant growth. However, for reclamation purposes, tree species that are capable of increasing in height within the shortest possible time is ideal. The volume of soil available can limit planting or reduce growth and vigor of trees and shrubs. As topsoil depth decreases the potential for survival and growth of woody vegetation decreases (Iles, 2001 ). Deeper soils, therefore, are capable of providing the available nutrients necessary for plant growth.
The study revealed that both mean heights and diameters increased with increasing topsoil depth. This result could be due to the fact that an increase in topsoil depth enhances root percolation and other microbial activities that lead to enhanced tree growth. This result is in line with a study conducted by McGinnies and Nicholas (1983) who also found a positive relationship between soil depth and root and herbage production of intermediate wheatgrass (Agropyron intermedium). Bowen et al., 2002 also confirmed these findings, when they realized that total biomass was significantly greater at 40 and 60 cm topsoil depths compared to shallower topsoil treatments. Addition of topsoil to the original substrate in embankment will increase soil fertility and this improvement will depend on the depth of the topsoil added to the original substrate. Organic matter content, total nitrogen and assimilable phosphorus were all higher in topsoil in comparison with original embankment substrate (Rivera et al., 2014) . Generally, 0/100cm (T 1 ) recorded least values throughout the study. This is an indication that topsoil is necessary to enhance growth of tree species.
The study also found no significant difference between 30cm/70cm (T 3 ) and 40cm/60cm (control) depth. This is an indication that topsoil depth of 30cm/70cm could replace the standard depth of the Environmental Protection Agency (EPA) (40cm/60 cm) in situations where there is inadequate topsoil for reclamation. Meanwhile, this result is in contrast with the study by Redente et al., (1997) who reported no difference in aboveground production between 15 and 60 cm of replaced topsoil after 10 years in northwestern Colorado.
Afforestation is potentially the best sustainable strategy for reclaiming mine lands to their former state (Pietrzykowski, 2014) . From the results, Ceiba pentandra and Terminalia superba recorded the highest mean heights and mean diameters throughout. This is because these species are pioneer species hence have that tendency to grow rapidly in secondary forests. These species have greater potential for use in reclamation of mined site. A study also found species diversity; richness and cover were all enhanced by shallow topsoil depth (< 200 mm) (Bowen et al., 2002) .
A study on Acacia saligna showed that topsoil had negative effect on plant biomass and positive effect on Arbuscular mycorrhizal fungi percent colonization in ten-year-old stockpile (Birnbaum et al., 2017) . Froisland et al., (1989) did not observe any deterioration in soil characteristics or growth of topsoil stored in stockpiles. The impact of storage on soil properties is dependent upon methods of topsoil stripping and storage as well as the amount of time in storage (Visser et al., 1984) .
A study of stockpiles of different size, age, and soil type has revealed that biological, chemical and physical changes do occur, mainly as a result of anaerobic conditions within the heaps, but also as a result of mechanized handling during the stripping and stockpiling. Visible changes occur within 0.3 m of the surface of stockpiles of clayey textured soils, but only below about 2 m depth for sandy
